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ABSTRACT 



A viscous fluid containing a volatile ingredient is sub- 
jected to evaporation by heating the liquid and supply- 
ing the heated liquid at a metered rate to a pump, 
which pump includes a housing and a pair of intermesh- 
ing screws arranged in close running clearance in the 
housing. The pump moves the viscous liquid material 
forwardly while permitting the flashed vapors to pro- 
ceed through the close running clearance. The vapors 
are collected and the liquid may be subjected to one or 
more further cycles. 

Gases and vapors are removed from various kinds of 
plastic materials in extruders through a vent containing 
a worm running with close working clearance in a 
housing which is connected into the extruder. 

1 Claim, 4 Drawing Figures 
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1 

APPARATUS X H-CONCENTRATING provided to insure a consent rate of flow in the pipe 

VISCOUS LIQUIDS 13. A valve 18 in by-pass line 19 facilitates flow control 

This invention relates to a method for flash- in line 19. ii-ic» now coniroi 

concentrating viscous liquids containing one or more Heat exchanger 15 is heated (by means not shown) 

Zr'J^ l 7"^°"'"*'- '^'f''.''' f°^-^^d*"g «P- 5 in a manner tolonduct heat into tL solution wt.ch i 

paratus for conveying viscous liquid material while continuously flowing through the heat exchanger 

concurrently flashing volatiles from the liquid material. The number 16 designate! a back pressurfregulatine 

Iartic,^Ur? •/T.*'^' '"'^'"'i ^ ^PP^'^'"^ ^^'^^ ^'''^h is connected into the in e^lO of t novel 

particularly suited for removal of vapors from a highly screw pump comprehensively designated 21, ?he details 

VISCOUS, but still flowable, semi-solid material. ,o of which will further be discLsedLrelnafter. It is pre- 

BACKGROUND OF THE INVENTION ferred that the valve 16 be located adjacent to or very 

, . the pump inlet, 

tin^. 7"^«"tration of solutions, particularly solu- Screw pump 21 has a vapor outlet 22 upstream of the 

irount of l3 °' '°"1f '"'^^ 20, having a condenser 226. A vapor or condfn 

amount of liquid, expensive operations such as solvent 15 sate pump 23 may be provided if desired to assist in the 

e3SrhaveVee?T' T^'^'i^ 1^'-^ "^'^'^^ elimiLti^n of vap'or a^/or condensa^^inoT la per 
feet Ss invLt^fn L ^^T"^"^ " ^'^^ "(a) is provided adjacent to screw flights 26. 

ject of this invention to provide an apparatus which is Screw pump 21 positively displaces the viscous linn d 

r^uJrrrVr'"^"* ""r ""^ "^^'^'^ "^^^ "^'^ ^l'^ indicated by he arrow (a 

I?ri^rr f,'"PP''^'°^'=°"'*^"''"«^^'^''^^^^^ 20 and the product flows outwardly through L outlet 
etc. for successful operation. pipe 24. It will be noted that the screw pump 21 has for- 

SUMMAR Y OF THE INVENTION wardly directed flights 25 and, at one end, reversely di- 

Ar. «t,;^„» «f »u- '■^'^t^d flights 26, and that the flights are interlocked to 

whlh^?H 1? > T.^'^TV P'°^*'*^ ^ '^^'^''^ ^ "•""^^ predetermined clearanfe. 
which ,s Ideally suited for the handling of fluids includ- 25 The screw pump 21 can be externally heated or 

cifntiv « ''h '°Jrr'' P'^'"" ^""^ '""^^ '^^"l^d desired, and pipes 30, 31 havrbeen shown in 

ciently and rapidly than conventional evaporation pro- order to designat; respectively the in^et S out°rfor 
cesses, and to provide an apparatus for flashing the va- heat exchanging fluid The number 32 desSnatls a 

drive shaft of the screw pump rScordanceS t^^ 
drt^ns. with minimum entrainment of fines in the va- 30 invention. The details of ?he pump and itrnoveTopera! 

^^^^ ^ ^ , . ^^^^ t>e developed more fully hereinafter 

thSnvlnH^n'"^,,^"^^'''^ ^"'^ advantages of In some instances, it may be desirlbi?t*at two or 

^d rnXTawl'r " ""■^^ P--^«<^' d^P-ding uponThe soWem 

arawmgs. concentration of the initial mixture, and the desired 

BRIEF DESCRIPTION OF THE DRAWINGS solvent concentration of the product, a second such 

FIG. 1 is a diagrammatic view showing an apparatus JSc^n'Sd'SfuS^^^^ ?4 Ts'cVnduS 

constructed m accordance with features of this inven- (optionally with the assrance Ja gear pump 29^ 

Zll of"?hff?n7.mio:'"°"' °' " ^"""'^'"^ P^«^ ''^^^'-•^ already'deTrfbed in 

FIG. 3ra'srcS"al view taken as indicated by the ^rirn'TbeTir'^ 

FIG^"4 iTrr.!LT> ^PP,'" ^' 45 ^"'"P «hown with the central portion of 

FIG. 4 is a sectional view of an alternative embodi- the housing broken away in order to illustrate a tvnical 

ment of apparatus accordmg to this invention. configuration of the viscous liquid flSlJ^ng wit^^^^^ 

DESCRIPTION OF THE PREFERRED pump. It will be appreciated that a similar configura- 

EMBODIMENTS '® present in the pump 21. The mixture containing 

tion for the sake of clarity, it is to be appreciated that ately below. The material that is not volatiHzed aSlv 
those terms are intended to describe the specific forms collects on the forward-facing portionf i the sSew 
of the invention selected for illustration in the drawings flights, as shown, and fills the flS tnte^Daces co^^ 
The inventio *° °' '° '^^'"^ '""^ '"^^^ °^ 55 Pl^'l '""'-^T '^^^'"^ S'^e oSfsTk^eni 

Referring now specifically to FIG. 1, the number 10 26."^ ^"P°" ^j"*'""* *° 

designates a tank containing a viscous solution such as Screw flight anrf lir^,ici«« ^i^^^^^ 

any polymer or plastic, for example, in a volatile sol- thoSSSkTittrixatpTe^aT^^^ 
IS nelcenl" Q8'°"''"*JT" °^ 60 ^«P°« ^ commercially producdve ra^e whHe'^an 

more or I ~H P^^"* .''^ weight , solvent, or even ^ training the foam or fines with high efficLncy This also 
Solved Tank T^H^^Z^ n?lf'^ T"" i*t' =*=°"°™if « P^^-des the advantage of minimum reSce time for 

volved. Tank 10 has an outlet valve 11 connected to a any nolvmeric material in th^ fh^<,t^^\ i 

rc?iritluSl^^;Tump''"l2'Is''r -'ni-Xo^ymr/rolumet tle^ ^ Sm^^efore 

ically Illustrated. Pump 12 is preferably a gear pump, minimum chemical degradation of the oolvmeric mate 

for example. Pump 12 is connected through a pipe 13 " rial. However, larger llearances have aS been ^ffec 

and through a valve 14 to the inlet of the heat ex- tive as a fines trap. Also, it may be des rable to 

changer 15. A metenng device (MD) 9 in line 13. is large clearances from th^ inlet 20 to SHapor ouSet 
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22 and close clearances in the remainder of the unit, 
from the inlet 20 to the outlet 24. 

The product from the second stage flows outwardly 
through a pipe 50 which is optionally connected 
through a gear pump 52 to a pump or single stage ex- 5 
truder 51 to produce a uniform, continuously flowing 
highly viscous product. 

It will be appreciated, of course, that any number of 
stages in addition to stage B may be utilized prior to the 
time that the product is conducted through a fmal 10 
pump or through an extruder such as the extruder 51. 

Turning now to FIG. 2, details of construction of the 
pump 21 will become more fully apparent. The pump 
21 has a housing 60 surrounded preferably by a heat 
exchanger in the form of a jacket 61. Extending longi- 15 
tudinally within the housing 60 are a pair of inter- 
meshed elongated screws 62 and 63 having a positive 
forwarding section 64 located upstream of the outlet 

65. A vapor outlet 67 is provided upstream of the inlet 

66. Dow^nstream of the outlet 65 the screws form a re- 20 
versely pitched section 70, which seals the polymer and 
allows some vapor to pass, such vapor escaping through 
vent 67(a). The bearings 71 at the vapor end of the 
screw shafts are conventional journal bearings as con- 
trasted to thrust bearings since the thrust balancing ef- 25 
feet of the reverse screw portion 70 eliminates the re- 
quirement for thrust bearings. The bearings may also 
be externally mounted, relative to the ends of the hous- 
ing 60, if desired. 

It may be desirable to construct the extruder 21 with- 30 
out the reverse flight screw sections illustrated at the 
right end of FIG. 2. With such a structure it is normally 
necessary to provide polymer seals at the forward-most 
end of the forwardly pitched flights, in place of the re- 
verse flights, due to the passage of drive shafts through 35 
that end of the housing 60. In such an arrangement, 
thrust bearings should be provided at the left-most end, 
in place of bearings 71, with the inlet 66, outlet 65, and 
vapor outlet 67 being arranged as illustrated in FIG. 2. 

The drive shafts 78, 79 extend through bearings 71 
and through the corresponding end wall of the housing. 
There is no pressure problem at this location, because 
the rearwardly pitched intermeshing flights in flight 
section 70 cooperate to form a material plug at some 
location adjacent to the material outlet 65. This mate- 
rial plug, of course, isolates the drive shafts 78, 79 and 
their associated bearings from any pressure existing 
within the portions of the housing that are located up- 
stream of the material outlet 65. 

If the shafts 78, 79 terminate inside the housing 60 at 
their left-most end, as viewed in FIG. 2, the arrange- 
ment of inlet 66, outlet 65 and vapor outlet 67 can be 
such as to have the vapor outlet 67 at either end of the 
housing 60. For example, when vacuum is desired 
within the housing 60, the vapor outlet 67 could be at 
the blind end of the housing 60 for providing the partic- 
ularly novel feature of facilitating the provision of a 
vacuum seal at an end of the housing free of fines. 
When the vapor discharge is to be at atmospheric pres- 
sure, the inlet 66 and vapor outlet 67 could be at the 
drive end, because there would then be no sealing 
problem, due to pressure equilibrium between the in- 
side and outside of the housing 60. 

It is important to observe that the respective worm 
flights are intermeshed to a predetermined desirable 
tightness. This provides a desired volume at the inlet 66 
into which the volatiles are flashed namely, the volume 



of the working clearance between the intermeshed 
flights and between the flights and the housing, as ap- 
pears clearly in FIG. 3. Further, this intermeshing rela- 
tionship provides enough free space for the very fast 
passage of released gases and vapors but acts as an en- 
trainment separator for the fines that are liberated dur- 
ing the violent conditions that accompany the flashing 
of the vapors. 

The intermeshing of the worms and their rotations in 
opposite directions from one another, as indicated by 
the arrows in FIGS. 2 and 3, provide a substantially 
positive interlocking and forwarding action on the vis- 
cous liquid or plastic wherein the peripheries of the 
screws cooperate with the internal shape of the housing 
60 to provide a positive forwarding of the material from 
the inlet 66 to the outlet 65. 

It will be apparent that various other embodiments 
may be utilized instead of the specific embodiment em- 
ploying twin screws as illustrated in FIG. 2. For exam- 
ple, any elongated member can be substituted for the 
form of the invention specifically shown in FIG. 2, pro- 
vided it has a shape cooperating with the shape of the 
housing which, when rotated, utilizes forwardly in- 
clined surfaces in such a manner as to provide a posi- 
tive forwarding of the material, and provided its clear- 
ances are so close as to function as an entrainment sep- 
arator to trap solid fines and conduct them along with 
the main stream of product. In any such embodiment, 
the provision of one or more reversely inclined flights, 
in a manner to compensate for the thrust load of the 
pump, may be utilized. In any such embodiment, the 
viscous liquid flows from one point along the elongated 
screw to another point along the elongated screw. 

The mixture may be reduced to its final commercial 
volatile level in the concentrator 44, or it may be car- 
ried to additional equipment, such as the final extruder 
51, or the like. 

It will be appreciated that the '^final" extruder 51 
may be a worm-type devolatilizing extruder, if desired. 

The apparatus of this invention applies not only to 
polymer-monomer systems or polymer-solvent systems, 
but to any system utilizing a flowable medium contain- 
ing a volatile component. For example, rubber crumb 
in a water medium may be processed according to this 
invention, with the apparatus preferably running 
starved. The water flashes off as steam or is squeezed 
out as a liquid and rubber fines, normally a trouble- 
some problem, do not blow back with the steam but are 
entrained on the intermeshing screw flights and for- 
warded along with the main product steam. Vacuum 
pumps may be used on the vapor outlet, which is a 
great advantage because they have heretofore encoun- 
tered serious plugging and fouling problems due to the 
presence of significant quantities of rubber fines in the 
vapor. 

It will be appreciated that the term viscous liquid*' 
is intended to mean any material for which a concen- 
tration process may be desirable, for example, but not 
being limited to plastics or rubber, which can be caused 
to undergo viscous flow under either increased heat or 
pressure. 

It will further be appreciated that many other varia- 
tions may be made without departing from the spirit or 
scope of this invention. For example, double or multi- 
ple flights may be substituted for the single flights 
shown in the drawings, equivalent elements may be 
substituted for other features specifically shown and 
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described, parts may be reversed, and certain features 
of this invention may be utilized independently of other 
features, all without departing from the spirit and scope 
of this invention as defined in the appended claims 
In one such alternative embodiment, as shown in 5 
i u ' concentrating viscous liquid pump 90 

of the present invention is vertically mounted atop a 
horizontally disposed extruder 91 of the type disclosed 
in Fuller Reissue Pat. No. 23,948 and Skidmore Pat 
No 3,082,816. Viscous solution fed to the extruder in 
flashes off a substantial part of its entrained solvent in 
that part of the extruder in communication with the 
outlet of the concentrating pump 90 while the screw of 
the pump 90 contains the viscous material in a small 
area immediately adjacent the vent outlet in the ex- 15 
truder 91 and entrains fines carried in the escaping 
vapor at that location. Subsequently, the concentrated 
viscous liquid or plastic material passes through orifice 
plate 92 or, if desired, to a further part of the extruder 
where it is further worked and devolatilized 20 

Similarly, any non-miscible liquid contained in a 
polymer may be squeezed out, with fines similarly en- 
trained, utilizing an entrainment pump such as the ex- 
truder 90 of FIG. 4. The pressurized plastic material in 
the main extruder 91 does not enter into the inter-flight 25 
spaces of the entrainment extruder 90 to any apprecia- 
ble extent. 

It will be further understood that the ''Abstract of the 
Disclosure" set forth above is intended to provide a 

30 



non-legal technical statement of the contents of the dis- 
closure m compliance with the Rules of Practice of the 
U.S. Patent Office, and is not intended to limit the 
scope of the invention described and claimed herein 
The following is claimed: 

1. In an apparatus for separating a volatile compo- 
nent from a viscous plastic material comprising a main 
housing, a rectilinear worm rotatable coaxially with 
close working clearance within said main housing 
means for feeding said material and component into 
the inter-flight spaces of said worm, discharge means 
for the material near an end of the worm substantially 
downstream of said means for feeding, means for rotat> 
mg said worm to work and advance said material and 
said component along and within said main housing an 
entrainment return extruder separate from any s'aid 
feeding means, said rotating means and said discharge 
means, being located at a point along said worm from 
said feeding means and located in the vicinity of said 
discharge means and discharging returned entrain- 
ments directly into the interflight spaces of said worm 
through a vent opening, said return extruder having its 
axis arranged at an angle to the axis of said worm and 
main housing, and itself having a housing with a worm 
coaxially rotatable therein, said return extruder permit- 
ting venting of vapors coaxially of the return extruder 
and countercurrently relative to the direction of en- 
trained material returned to the worm. 
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